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7.1 Nonlinear Optics in HgTe
U.S. Air Force - Office of Scientific Research (Grant AFOSR-85-0269)
Peter A. Wolff, Sunny Y.C. Yuen
HgTe has been shown' to have the largest known third order optical nonlinearity
with response time in the picosecond range. At T = 300K, we find Z(3) = 2x1 0- 4esu and
r = 5psec. The nonlinear susceptibility was measured with four wave mixing exper-
iments performed with a pair of Q-switched CO2 lasers. The sample was a HgTe
epilayer 3p thick, MBE-grown on a CdTe substrate.
The nonlinear signal varied as P3 - P2 P2 to the highest laser intensities, P, = P2
500kw/cm 2 used in these experiments. The absence of saturation is striking; most
strong nonlinear processes in semiconductors saturate at lower pump intensities. In the
HgTe case, the dielectric constant of the epilayer was modulated by more than 10%
when P, = P2 = 500kw/cm 2. This result implies an oscillating plasma density exceeding
1017 carriers/c . Calculations suggest that this oscillating plasma could be an efficient
source of FIR radiation.
The optical nonlinearity of HgTe is attributed to interband population modulation,
caused by carrier excitation from the heavy mass F 8 valence band to the light mass F8
conduction band. The theory predicts values of Z (3 ) in agreement with those observed.
Further enhancement of the nonlinearity of HgTe may be achieved with doping, or by
alloying with Cd.
7.2 Nonlinear Current-Voltage Characteristics in
HgMnTe
Defense Advanced Research Projects Agency (Contract N00014-83-K-0454)
Stephen Wong, Piotr Becla, Peter A. Wolff
S-type nonlinear I-V characteristics have been demonstrated 2 in bulk p-type HgMnTe
samples with bandgaps from 50 to 250 meV at T = 4.2K and 1.6K. At zero magnetic
field, regions of strong negative differential resistivity and composition dependent
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breakdown, have been observed using electric fields up to 1000V/cm and current den-
sities to 2A/cm 2. The nonlinearity is twice as large at 1.6K as at 4.2K. When a modest
magnetic field is applied (B 3 tesla), the zero-bias resistivity drastically decreases, and
the region of negative differential resistivity (dV/dlk_ -100Qcm) disappears. this is the
first observation of nonlinear I-V characteristics in narrow gap diluted magnetic semi-
conductors, and may have applications in both nonlinear electrical and optical devices.
7.3 Free Carrier Spin-Induced Faraday Rotation in
HgCdTe and HgMnTe
U.S. Air Force - Office of Scientific Research (Grant AFOSR-85-0269)
Sunny Y.C. Yuen, Peter A. Wolff
Free carrier, spin-induced Faraday rotation has been studied3 in n-type HgCdTe and
HgMnTe as a function of laser intensity and wavelength in the 10Y region. When the
photon energy is close to the semiconductor bandgap, EG, the Verdet constant of the
spin-induced process is considerably larger than that of the interband or free-carrier
plasma Faraday effects.
In a HgCdTe sample with EG = 130 meV, the Faraday rotation saturates for B > 4kG,
which is the magnetic field required to fully align the electron spins. Below saturation,
the Verdet constant is V = 0.19 degrees/cm - G. The theoretical value, estimated from
the spin flip cross section, is V = 0.12 degrees/cm - G. The figure of merit, V/,, for
HgCdTe is comparable to that of pure InSb.
At low laser intensities, the n-HgMnTe samples have behavior similar to the HgCdTe
samples. At higher intensities, the Faraday rotation decreased substantially. This effect
is attributed to spin heating, resulting from electron - Mn 2+ spin flip processes.
7.4 Optical Nonlinearity Caused by Resonant Scattering
U.S. Air Force - Office of Scientific Research (Grant AFOSR-85-0269)
Sunny Y.C. Yuen, Peter A. Wolff
In Hg0.7 Cd0.3 S :Fe crystals, the Fe+ 3 level lies near the conduction band of this small
gap semiconductor. The Fe atoms act as donors, and also cause a sharp scattering
resonance, with width A = 10-20 meV, near the band edge. Kaw had previously pre-
dicted a large nonlinear optic susceptibility under these conditions. Four wave mixing
experiments4 demonstrate a 30-fold enhancement of X(3) , compared to comparable
crystals without Fe impurities. An extension of the Kaw Theory predicts linear absorp-
tion and nonlinear susceptibility in agreement with those measured. Further enhance-
ment of Z (3 ) is expected in alloys with optimized composition.
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7.5 Stress Tuned, Magnetic-Field-Induced Anticrossing
in As-Doped Germanium
U.S. Air Force - Office of Scientific Research (Grant AFOSR-85-0269)
Eric R. Youngdale, Roshan L. Aggarwal
In n-Ge, magnetic fields induce an anticrossing between two states of the 1s(T2)
donor manifold.The field at which the anticrossing occurs can be tuned with uniaxial
stress along the [110] direction in Ge:As. We have used CO2 laser four-wave mixing
spectroscopy to determine the energy levels as a function of stress.5 The behavior of
the anticrossing is consistent with the theory of People and Wolff, and shows that the
effect is due to anistropy of the g-tensor for conduction band electrons. Uniaxial stress
is also shown to alter the g-factors, and the strength of the anticrossing.
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